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INVESTIGATION OF HORN BATANCES ON A 45° SWEPTBACK HORIZONTAL
TATL. SURFACE AT HIGH SUBSONIC STEEDS

By Harold S. Johnson and Robert F. Thompson
SUMMARY

An investigation was made in the Langley 300 mph and hlgh-speed
T— by 10—Ffoot tunnels of the asrodynamic characteristics of a 45° gwept—
back, semispan, horizontal tall surface equipped with a horn—balanced
25-percent—chord elevator. The effects of horn size and horn inboard—
edge falring were determined at low speed and one of the configurations
was investigated through a speed range to a Mach number of 0.8g.

The studies st low speed showed that the horn was effective on a
swept horizontal tail and that a glven change in horn size was about
five times as effective in balancling the variation of hinge moment with
deflectlon Chs_ as the change of hinge moment with angle of attack Chm,

Fairing the horn inboard edge reduced the effectlivensss of horn in
balancing the hinge moments caused by elevator deflection.

Although the particular arrangsment investlgated through the speed
range was overbalanced at moderate and high speeds, it is believed that
modifications such as a decrease in horn-balence size or a reduction In
elevator trailing—edge angle may mske the horn type of balance satis—
factory up to hlgh subsonic speeds.

The change in 1lift coefficlient with elsvator deflection CL5

increased slightly as the horn size became larger and was unaffected by
changes in Mach number for the speed range investigated.

INTRODUCTION
. A
The necesslty of providing e means of reducing the high-speed control
forces of the faster, more heavily loaded alrpleames currently in use or
being designed while retalning sufficlent control for landing and take—off
has presented a problem to airpl ”qQaaggprs. Even though a control
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system Incorporates a power boost, it is desirable 1o balance aero—

dynamically as much of the control force as possible. It has been found

that the use of a horn balance is one method of reducing the aerodynamic
hinge moments at low speeds (references 1 to 4). In addition, the horn
type of balance provides a convenient sttachment for counterbalances to
statically balance the control. In order to provide additional infor—
mation on the characteristics of balanced conbtrol surfaces suitable for .
high subsonic speeds, an investigation is being conducted in the

Lengley T7— by 10—foot tumnels. This report presents the results of an
investigation of a 45° sweptback, untapered, semispan, horilzontal—tail
model equipped with a horn~balenced elevator. -

In order to determine the effects of horn'size and of fairing the

~ horn inboard edge (normal to hinge axls) on the hinge-moment parameters,
three sizes of horns were Investigated at a low Mach number (M = O, 30)
One of these configurations that appesred satisfactory at low speed was
investigated through a speed range up to & Mach number of 0.89. The
effects of fixing translition were also studied at several Mach numbers.

MODEL, AND APPARATUS

The semispan horizontal—tall model used for the investigation had
an NACA 0012 airfoil section. perpendicular to the leading edge, an aspect
ratio of 3.00 (based on the full—span dimensiduns), a taper ratio of 1,
459 of sweepback, and was equipped with a 0.25¢'unsealed, horn-balanced
elevator with a radius elevator nose. The model was constructed of
hardened steel to the plan form indicated in figure 1. The radius tip
and the horn filler blocks were constructed of wood. The horn balance
was triangular in shape and the horn inhoard edge wes perpemdicular to
the elevator hinge axls. The model was so congtructed that the size of
the horn could be chenged by attaching filler Blocks to the inboard edge
of the horn or. to.the wing. Three amounts of balance (teble I) referred
to in the text and on the figures as the small, intermediate, and large
horn, were tested; in addition, the intermediate horn was tested with a
rounded inbosrd edge, referred to herein as thé faired horn. The dimen—
sional charscteristica of the four horns are presented Iin figure 2 and
table I. Structural calculations indlicated that more than two hinges
would be necessary. Reference 5 indicates that for elevators having
three hinges the hinge—moment increments resulting from distortion can
be an appreciable fraction of the total hinge moment. To avold the
inclusion of these structural hinge-moment incriements, the slevator was

constructed in two spanwlse segments and the JL-inch gap between the two

16

helves was unsealed.. . The slevabor hinge momerts were measured by

callbrated besm—type electrical strain gages mounted within the stabilizer.

The elevator deflections were varied by changing the strain-gage yokes
attached to the elevator.

]




/) -

/ / ERRATUM

NACA RM 1L8J01

INVESTIGATION OF HORN BALANCES ON A 45° SWEPTBACK HORIZONTAL
TATL SURFACE AT HIGH SUBSONIC SPEEDS
By Harold S. Johnson and Robert F. Thompson

December 3, 1948

Page 3: The formula following the definition of the coefficient Cp

is in error and the symbol b +therein should be replaced with the
symbol bj, which is defined as "twice the elevator semispan measured

along hinge line, feet."
kCA-ange - 1300 - 43 — 3
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The semispan model was mounted vertically in the Langliey 300 mph and
high—speed T— by 10~foot tunnela ams shown in figure 3 with the root chord
ad Jacent to the tunnel ceiling which thereby acted as a reflection plane.
The model was supported entlrely by the balsnce frame so that all forces
and moments acting on the model could be measured. A small clearence was
maintained between the model and the tunnel ceiling. A metal end plate
was attached to the modsl to deflect the alr flowing into the test section
through the clearance hole in order to minimize the effect of this alr flow
on the flow over the model. Provisions were mads for changing the angle of
attaeck of the model while the tummel was in operation.

Most of the tests were performed with transition free on the model.
For the tests with transition fized, 0.008—inch-diameter carborundum
grains were sparsely spread over 'both the upper and lower surfaces of the

model at the 10—percent-chord station in 3-—inch-wide gtrips.

The Langley 300 mph and high-speed T— by 10—Loot tumnels are closed—
throat, single—return tunnels. Turbulence measurements made in the 300 mph
tunnel indicated that the turbulence factor is very close to unity. Though
the turbulence of the hlgh~spsed—tunnel air stream has not been determined,
1t is also thought to be low since both tu.n.nels have large 'bunnel—contra.ction
ratios (about 1k to 1).

COEFFICIENTS AND SYMBOLS

The coefficients and symbols used in this paper are defined as follows:

CL 1ift coefficient (L/qS)
Cp dreg coefficlent (D/qgS) .
Cp pitching-moment coefficient (M/gSc?) A))_,P'J‘;p/
/
h elevator o—moment coefficie o
C levator hing t fficient (E/qbe, 2
L twice 1lift of semispan model, pounds
D twlce drag of semispan model, pounds
M twice pitchling moment of semispan model, measured about the low—

speed serodynamic center (1.63 ft behind. root~chord leading
edge), foot—pounds
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H twlce hinge momsnt of semispan model elevator measured about the
elevator hinge line, foot—pounds

S twice areas of semlspan model, 9.21 square Teet

Se area of semispan model elevator behind hinge line, 1.15 gquare
feot ’

Sg aree of model horn, square feet (See table I.)

b twice span of semispan model, 5.26 feet

c! : mean aerodjnamic chord, 1.77 feet

[N root-mean—square chord of model elevator behind hinge line
(measured perpendicular to hinge line), 0.31 foot

Ce average chord of modsl elevator behind hinge iine (measured
perpendicular to hings line), 0.31 foot

cg average chord of model horn (measureﬁ perpendicular to hinge

line), feet (See table I.)

B balance coefficient MSHCH/Sece) :

a angle of attack of model with respect to chord plane, degrees

Se elevator deflectlon relative to stabilizer, msasured normal to
the elevator hinge line (positive when trailing edge is down),
degrees

M Mach number (V/a)

v ffee—etream veloclty, feet per second -

a free~stream dynamic pressure, poundsfper square foot (%dﬁ%

o masg density of alr, slugs per cubic foot

a speed of soun&, feet per second

e
by "\ 5
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Cy
O =( =2
by < 35, .

c='-—L>
we (3),

&
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C

ap = [ =2

Lo

The subscripts outslde the parentheses indicate the factors held
constant during the measurement of the parameters. The slopes were
measured in the vicinity of o = 0° and B, = 0°.

CORRECTIONS

Jet—boundary corrections were applled to the angles of attack and to
the drag-coefficilent data in accordance with the following equations which
wore determined by the method of reference 6, using unpublished values of
boundary-induced upwash computed for swept wings:

@ =aqy+ 0.553 CIM

+ 0.0083 ¢, 2

Tu

CD=C

Dy

vhere the subscript M 1indicates measured values. The Jet—boundary
corrections to the 1ift, pltching-moment, and hinge-moment data were
considered negligible and hence were not, Lied.

L
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All coefficients and Mach numbers were corrected for blocking by the
model and its waeke. The blockage corrections were computed by the methods >
preasented in reference T. :

The deflectlon of the model under load is believed to have been small,
and, therefore, to have & negligible effect on the aerodynamic character—
iptics of the model. Corrections to the elevator angle due to d.ef%ection
under load, though of small magnitude, have been applied at o =0 No
attempt was made to correct for the alr flow through the gap at the root
of the model or between the two elevator segments.

TESTS AND TEST CONDITIONS - - = '__:_

For the model equlpped with the faired end the large horn balences,
test data were obtalned for ten values of elevaltor deflection covering a i}
range of from 0° to ~30°. For the model with ‘the smell and intermedlate
horns, the elevator deflection range was limi'bed. to -7 89, The tests
were made through an angle—of—attack range of from o° through the positive
stall and from 0° through the negative stall exCep'b for conditions where
bunnel power limitations restricted the angle—of-attack range. The model -
with the falred horn was tested at eight values of Mach number covering ¢ -
a range of from 0.30 to 0.89, The tests of the model equipped with the _
small, intermediate, and large horns were made at M = 0.30 in the .
Langley 300 mph 7— by 10—foot tunnel. For clarity on the flgures, not all »
of the test data are presented. All the test d.a.'ba. were used 1n the determi-— R
nation of the various parameters. -

Tests were made at several representative Ma.ch numbers to determine
the effects of fixing transition.

The choking Mach number of the high—epeed. tunnel, based on one—
dimensional—flow theory and the dimensions of the present model, was _
estimated to be gbout 0.92. With this choklng Mach number, experience . —
has indlcated that the data would be valld up to the highest Mach number =
(0.89) obtained during the tests.

The variation of test Reynolds number with Mach number for average Lz

test conditlons is presented as figure 4. The Reynolds numbers are based
on the mean aerodynasmic ckord (1.77 ft) :
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DISCUSSION

Effect of Horn Size

The varietion of the aerodynamic coefficiemts Cy, Cp, Cp, and Cy

wlth angle of attack at a Mach number of 0.30 is presented in figures 5
to 7 for the three slizes of horns tested. The hinge—moment cocefficlents
presented are for the complete elevator, (the summation of the hinge
moments of the two spanwise segments).

The effect of horn slize on the hinge-moment parameters Chcn and Ch6

is shown in figure 8 and table II where the horn size 1s expressed by the
term balance coefficient B = VSHCHZSece , which previous analyses have
shown to be a good indication of balance effectiveness. (See references 2
to 4.) As expected, Chcr, and Chs increased positively with increasing
horn size. Ch6 changed more rapldly than cha, for a glven change in

balance coefficient, the ratio being about five to ome. This is much
larger then for the horn balance on unswept surfaces where the ratio was
more nearly one, The elevator was overbalanced for balence coefficients
greater than sbout 0.31., The rate of change of hinge-moment coefficient
with angle of attack became positive at a balance coefficient of about 0.38.

The effect of horn size on the lift parsmesters is shown in figure 9
and table IT. As expected, the rate of change of 1lift coefficient with
angle of attack CIu, was relatively unaeffected by changes in horn size.

As the balance coefficient was increased, the rate of change of lift coef-
ficlent with elevator deflection CLB and thereby the elevator—effectiveness

parameter “5 increased slightly., The numericel increases 1n CL5
and ay are attributed to the increased area of the elevator.

Effect of Horn Inbosrd~Edge Shape

Additional tests were made with the flat inboard edge of the inter—
mediate horn faired (fig. 10). Failring the inboard edge of the intermediate—
size horn resulted in a large decrease in Chﬁ (from 0.0025 to ~0. OOlll-)

and eliminated the overbalanced condition (fig. 8 and table IT), but had
little effect on Chu. Reference 4 shows a similar effect of horn nose
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shape on the hinge-moment parameters for an uhswept taill surface. These
results indicate that the inboard edge of the present horn acts as a

leading edge and that varying the horn nose shape provides the designer — ..
with a powerful tool for adjusting the balancéing characteristics of a
control surface once & satisfactory value of rate of change of hinge-—

moment coefflicient with angle of ettack is obtained.

The horn inboard—edge shape had little df no effecE on the control—
gurface 11ft charaecteristics. (See fig. 9 and table II.)

To provide the small control forces and_ﬁhe control;response desired,
Ch8 ghould have a small negative value and the value of Oy should be
o}

near zero. On this basis, the model with the ?aired horn leading edge
exhibited the most desirable hinge—moment characteristice at low speeds.

Effect of Mach Number

The asrodynamic characteristics of the faired horn through the speed
range up to M = 0.89 are presented as figures 11 to 18. The variation
of the hinge-moment parsmeters Chm and Ch5 ‘with Mach number (fig. 19)

ghows that Oy decreased negatively (or increased positively) with

increasing Mach number, and the elevator was oﬁerbalanced at Mach numbers
greater than about 0.63. The change in ChB with Mach number is fairly

linear up to a Mach number of about 0.80; for ﬁhch numbers greater
than 0.82, Ch5 increased rapldly wilth Mach number. A study of the

hinge—moment characteristics of the inboard and outboasrd portions of the
elevator (data not presented) ghows that the Ch8 values for the inboard

segment of the elevator did not vary with Mach pumber. Since the inboard
portion of the elevator exhibited no variation of Ch8 with Mach number

end the effects of gpanwlse control—surface locétion on the hinge-moment
paremeters of unbalanced surfaces at low Mach numbers are amall (refor—
nce 8), it is belleved that most of the positive increase in Ch5

with Mach number may be attributed to the fact %hat the balencing power
of the horn becomes more effective at higher Mech numbers. The param—

eter Ch increased positively with Mach number, more rapldly at the
o

higher Mach numbers, aend attained a value of about 0.0016 at M = 0.89,

In sddition, a study of figures 11 to 18 reveals that both Ch and Ch
(o e}

generally increased negatively as the angle of attack is varied from o = 0°,
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Because of the overbalancing tendencies shown at high Mach numbers,
the results indicate that the horn tested was too large. Decreasing the
horn size would reduce or eliminate these overbalancing tendencies although
the low-speed stick forces would be Increased. These overbalancing ten—
dencies at the higher Mach numbers would probebly be eliminated by using
a horn balance on a control surface having s small trailing-edge angle.
(See reference 9.)

The variation of the 1lift parameters Clu and CLG and the elevator-

effectiveness factor ag with Mach number 1s shown in figure 20. These
data show that CLm increased with Mach number, and that for the Mach

number range tested the rate of increase of CL with M was more rapid
o?
at the higher Mach numbers; the values of Cy  Increased from about 0.043
o?

at M =0.30 %o 0.051L at M = 0.89, Also presented in figure 20 are
values of Cj  determined by the method of reference 10. Though the
@

theoretlcal values are high, the variations of the lift-curve slopes with
Mach number obtained experimentally and theoretically are in very good
agreement. The theoretical values would be expected to be high since the
method of reference 10 is based on a section 1lift—curve slope of 2x per
radian. .

The parameter CLS did not vary with Mach number and had a value

of 0.015 for the speed range investigated (fig. 20). However, at elevator
deflection greater than —10°, the 1ift coefficient for a given deflection
decreased with speed (fig. 21), the decrease becoming more marked

as the elevator deflections were increased. This decrease in 1ift
coefflclent as M was Increased for elevator deflections of greaber

than —10° is probably due to the fact thet the critical speed of the tail
surface is reached at lower values of Mach number with large elevabor
deflections.

Because .of the aforementioned changes in Cy  end CLS with M, the
.4

elevator effectiveness ay decreased from a value of 0.35 at M = 0.30 to
agbout 0.29 at M = 0.89 (fig. 20).

The variation of 1ift and drag coefficients with speed at 5, = 0°

is presented in figure 22, These data show that for a given angle of
ettack, the 1ift coefficlent increased with Mach number, and this effect
became more pronounced as the angle of attack was increased within the test
range. At 8, = 0°, increasing the Mach mmbsr produced no effect on the

o -
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drag coefficient for angles of attack of leas than aboutf5°. For greatef
angles of attack, Cp Increased with Mach number, and this increase became

more pronouncgd ag the angle of attack was increased., For an angle of
attack of 10 , the drag coefficlent increesed fram about 0.035 at M = 0.30

to 0.095 at = 0.89.

Effect of Transition

The model with transltlion flxed at the lo-bercent—cﬁbrd line was tested-

at four representative Mach numbers. The effects produced by fixing tran-—
gition were generally tho same at the four values of Mach number tested and
figure 23 1g presented to show the effects of fixing transition on the
aerodynamic characterigtices at M = 0.75. The test data indicate that
fixing transition generally had a very small effect on the ‘model
characteristics.

CONCLUSIONS

An investlgation was made in the Langley 300 mph and high-—speed
T— by 10—foot tunnels of the asrodynamic characteristics of a h5° sweptback,
gsemispan, horizontal tail equipped with a horn—balanced 25—percent—chord
elevator., Tests were made of the model at low speed (M = 0.30) to
determine the effects of horn size and horn inboard—edge falring. The model
equipped with the horn that gave the best low—speed hinge—moment character—
istics was tested through & speed range (M = 0.30 to M = 0.89). The
results of the lnvestigation led to the followling conclusions:

1. At a Mach number of O. 30, the rates of change of hinge—moment
coefficlent with angle of attack and with elevator deflection Ch and Cha

increased positively as the horn—balance area was 1ncreased. For a glven
chenge in horn size, Cha changed sapproximately five times as much as Chm

2. The rate of change of 11ft coefficlent with angle of attack CIOc

was unaffected by changes In horn size. The raté of change of 1lift coef-—
ficlent with elevator deflection CLS and the elevator-effectiveness

parameter o Increased slightly with increasing horn size.

3. Falring the horn inboard edge had a proqéunced unbalancing effect
on Cha. The changes in Chm and in the 1lift parameters were negligible,

vl
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L. Although the particular arrangement investigated through the speed
renge was overbalanced at moderate and high speeds, 1t 1is belleved that
modifications such ag a decreasse in horn-balance size or a reduction in
elevator trailing-edge angle may meske the horn type of balance satisfactory
up to high subsonlc speeds.

5. The increase of lift—curve slope with Mach number 1s in good agree—
ment with theory, The rate of change of 1ift coefficient with elevator
deflection was unaffected by changes in Mach number for the speéd range
investigated.

Langley Aeronautical ILaboratory
National Advisory Committee for Aeronasutics
Langley Fleld, Va.
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TABLE Y.— HORN DIMENSIONS

Horn Averagse
spen, chord, Area, Balance
Horn (in.) (in.) (sq in.) coefficient,
(a) () B
Large T.h42 k,06 30.13 0.4k
Intermedisate 6.42 3.53 22.66 .36
Faired 6.42 3.53 22.66 .36
Small 5.42 2.99 16.20 .28
8Measured parallel to hinge line,

bMeasu:ced normal te hinge line.

13
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TABLE IT.— SUMMARY OF THE AERODYNAMIC CHARACTERISTICS

[ = 0.30]

Horn B Cr, Chy Cr, CLB g
Large 0.44 | 0.0012] 0.0075 [0.0440 | 0.0195 | O.4k3
Intermediate| .36 | --0003 .0025 | .04k30 1} .0165| .38L
Falred .36 0 -.001% | .o4k30 | .0165 | .384
Small .28} —-.0010] —.0024 }| .0k30}| .0160 | .372

S NACA —
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Figure 1.- Drawing of the 45° sweptback semispan horizontal-tall model
equipped with the large horoemebidiegimgpsions are in inches.)
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Figure 2.- Dimensions of the various horn balances uged for tests of
the L45° sweptback horizontal tail model - (A1l dimensions are in
inches. ) h i
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Figure 3.- Photograph of the 45° sweptback horizontal-tail model mounted in the Langley T- by
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Figure 16.- Aerodynemic characteristics of the 45° sweptback horizontal-
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